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(57) Abstract: 

PROBLEM TO BE SOLVED: To prevent reflection of light 
on the surface of a transparent electrode layer for higher 
transmissivity as well as the reflection of light on the 
boundary surface between the transparent electrode 
layer and a semiconductor layer so as to make the 
transparent layer to be at low resistance, by allowing the 
surface shape of the cross section of the transparent 
electrode layer formed together with a metallic layer and 
a semiconductor layer to have a specific fractal 
dimension. 

SOLUTION: A surface shape of the cross section of a 
transparent electrode layer 101 has a fractal property, 
and the fractal dimension D is in a image between 1 .001 
and 1.250. The fractal structure has a visually 
characteristic shape that is a similar figure to the original 
one when it is magnified to various sizes, and its shape is 
a self-similar figure. Further, the surface of a metallic 
layer 112 has a fractal structure, and the transparent 
electrode layer 101 has a fractal dimension reflecting the 
fractal structure of boundary surface of a semiconductor 
layer 114, and the inplane direction of the layer 101 
preferably has a fractal structure of 10 nm or more for 
example. 
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tz. -e©^. Un3»t-^ 3 0 3 «rfflHT»«3 0 2 ^iP 

[0 0 7 9] «1S3 0 2©3S«fflfl[ift J 2 0 O'CJC^b 
tztZ.?>X% >3 1 6*>bS i H 4 #X«E«j&« 

lOOsccm. Ge^XBSW2sccm, S i F 4 
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tf7>mM&l 0 s c cm. HetfZ.ffi.mtf6 seem, 
Ne^XtSi^2 s c cmtftS<K:H3Il/, /^77 
-iW?Z 0 4&m^Tt&1HM3 0 1 <DI£J]tf3 OmT 
o r r K&SfcKWKLfc. 

[0 0 8 0] «Aigc3 0 6ctO-7-T^n&3 0 

0W^#AI, r f ttifS3 0 9 <tORFt* 1 0W£ll 
4^tC->-v-yiS'-3 1 1 £$I^Tftl <D i ^a- 
Si : HM 1 0 9$: 1 0 0 nmfPSfL^id^T. ->t 
•j/*-3 1 1 ZfflC, RFt^i^ ^D&om^5r« 

[0 0 8 1] #tc. RF^D-»«*WSf««K«fcD, ft 
l©pSa-Si :H|1 0 8^U;. 

[0 0 8 2] £©<h£S1£fig£2 0 0"CJc£U#U M 
js[^Xi:LTS iH 4 flX»/4n. Osccm, Si 2 
Hg^WO. 4sccm, Si F 4 :tf;*«Hfe&*0. 
2 seem, B 2 H G JJZffi.Mtf 5 0 0 p pmchte-S^tC 
1SLT, l#«^C0ffi^^0. 8 To r r <h^S#{crJ 
>^^>X/^tJ;OI(Ml/fc. r f/t 1 ? 

— mg. 0 . 12 W/ c m 2 €r ^flTif WSrfTo fc. 

[0 0 8 3] raftSfcLT. 10 2^f,10 7SWi 

[0 0 8 4] ft3 0p«STfP«bfc*«±IC 

i&mwmm 1 o 1 £02 k^-tdcv^ hd>^7 

[0 0 8 5] ^3©pll 0 2£Tf£§3LfcK«£, £ 
t5*;i/^-2 0 2KS§:BLfco ^-y*7h2 1 5tt, M 
g9 9. 9 9%0^k-f>y^XX (ITO) 

0. %m&3tmft'cmffis.2 0 1 <ko*fissnw5, 



2 2 ltt^#A7l , >T^O, iStfkTksit (H 2 S) # 
>^ m&9 9. 9 9%) , A rT6 0 p pmiC^f?$ 
nfci/U7 F h> (Kr/Ar) tf^fClg^StlTt^ 

[0 0 8 6] Sf. it«^2 0 lrt**^#>7 p tCj;(9 
#^□2 1 6iD»»U I$I»5X 1 0 _3 To r r 
K&o/ilSf.&T, #;*i*A7-r>2 1 7«fct), »*tA 
r 3 00 sccm, C H 4 / A r 13Z.ffi.mtf 

2sccm, 0 2 /A r jiZ.ffi.1ktf 3 s c c m, N 2 /A 
r#X«Efta*2 0 s c cm. £&S«K:nSEU . J£ft& 
2 0 lrtCOJ3E*^*7mTo r r tattle, Jf£ff-£jl, 
^75^n>^i7^>XA*;U^ (A*^:77f S) ©MP£ 
HILfc. 

[0 0 8 7] ^-CD^ DCfi2 1 2<Dnt>& 5 kW/ 
cm 2 tC§9:5£LT. ^— h 2 0 9tCDC«;>j£«A 

HT, 5 SMB. DCy^XvlcioT, I TOSffi^T* 
I/X/t-y^^Ly u c^(C->-r-yiS'-2 1 5£l»ttT. ft 

<Di:#©3A*.±tfB#F B 1«. 1. OsT^fc. 
[0 0 8 8] ^LT. S«±(C^*SH 1 0 

HJP6 9 nmOMI|g@ 1 0 1 

f>?-2 155ffli; i DC1S2 0 9<Z>it}?j£^D. 

[0 0 8 9] 
[HI] 









[96] 


C° ] 


Oi/Ar 
[scan] 


[scan] 


Kr/Ar (60ppm) 
[scan] 




ao 


0.00 


0.00 


1.00 


4,00 


13 




ao 


0.10 


10.00 


1.03 


em 


30 




1.0 


0.20 


9.00 


1.12 


4.50 


18 




1.0 


0.30 


8.00 


1.06 


7.00 


32 




2.0 


0.40 


7.00 


1.02 


4.80 


20 




2.0 


0.50 


6.00 


1.04 


7.00 


32 


$mme 


ao 


0.60 


5,00 


1.08 


7.80 


33 




3.0 


0.70 


4.00 


1.09 


6.20 


31 



[0090] mmmm 1 o 1 ^.^m^tcimm 1 © 

Ml 0 1 ClijiiOdriBT EMKRS* t. 04K 

m?mMMVitfmmztirc. 
[oo9i] mmmsmi o l^j^^ncftotn 
*^*«iB-r-6fc«&K, 0 5 ic^-r#(cSBj«^s i o 

1 Brfi&ttT-fflHK r T#SJL«J«H© 1 8&£-&tf«ftIE 
J5M<D%.N (r) £3£x.&., #tC, r ©S3 £^{fc$-t± 

RgSU riN (r) fflii^**. ^061:* 
T. 06 l^f *£(::, Jt^J 1 <Z>£H««JB lOlfflBr 
BTtt, N (r) ocr _D (D= 1 . 0 0) tf&ZLLTiS 



mmmmmi o latste^^^jg^fc-^ 7 

[0 0 9 2] it^J 1 ©^HMKfiSFf ©M9!«ffiJi 1 0 
1 3EffiT©7t©SW*£0 7 tC^rr. ftWj&S 5 5 0 n 
mTC0S®,SWfi^8 . 7 %T'foitztf, 7 0 0 n 
mTte 3 4 % i><DyttfS.H LTi3 0 AP«»tC*3«S(3iR 

[0093] 7 7??)v&KtL^m%mv>m&*ms\z 

TFTt. m%\zttmz. ??V9)Vte5ttf\. 0 2tf*> 

i.o9 <DmmT'&mAmtfM<ti.-oT& k> . 

&*;5£#] 1 , 3 , 5 ~ 7 RD^ltt^J 1 ©S^ffiffiB 1 0 
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1 0 ltt7 0-1 2 0 nm©18ffi*b&>SJBJ«£ftT;fe 

aw*ttittSE« i i . 8T*5©i:*tL, m&m\z 

2. 2\ZX$>-otZo -tOfc*. £S^ltW<hLT©jgB8 
till 0 1 ©BIJP£J£ii&0iJl©6 9 nm*»5 6 6 nm 

[0 0 9 4] [HflS0iJ8~l 4] 0 1©J£ 



/jfcK&^T. I TOX/t7^ffl©yfy^-2 1 5£M 

W/cm 2 J;:U ITOiH6 5nmffi*G.. DCi 
M5kW/cm 2 *^lkW/cm 2 , ^.2\Z^ttL^> 
Ttfmffl-ZTtfTzZii. fro. =&2\ZttmzT>C7.n 

[0 0 9 5] 
[*2] 





T — X 
on or off 


[s] 


DC'M TX 
[s] 




imtm 


C° ] 


ttt&fcll 


on 


1.0 


0.0 


1.00 


0.7 


13 




1.0 


10.0 


1.08 


055 


18 




ao 


10.0 


1.03 


0J3O 


31 




5.0 


30.0 


1.07 


0.10 


32 




off 


1.0 


30.0 


1.01 


0.30 


31 


HJ60J12 


1.0 


40.0 


1.02 


0.20 


30 


1*0601 13 


10.0 


40.0 


1.04 


0.4O 


20 




10.0 


60.0 


1.05 


030 


31 



[0096] fl, 3t2iz$n-t2,jxttm£te, ±mnmm 

TfCjSfi3 0 0~2 0 0 0 nm©7££A^LfcB#<7>&fi 
5 5 0 nmOTtO^BjRW^^ffi^tMTSb/cfcWT* 

[0097] %.tt&wm , b&fr-z>fzm$&m 1 o©-y->:7° 
jkdsw«ssi 0 i^xmrnrnx-m^tzhz.^, 1 

TOOcl**»6O«^K$*«±*«0, «^1Stt«<^o 
X^tzo Z\<DZ\iifr*>, I TO©|glH4j&*lSLhLTH*> 

[0098] [*jg0<j 1 5] mwrnrnm 1 0 1 ommz 

fcl^T, I TO£JIjp6 5 nmtftLfdl, ^— j^y h 
2 1 4 ^ffl^TZ n Of 5 nmtftLfc^a. mMM 

BJtffillOl ITO/ZnO/4^©, 5 5 0 nmT© 

[0 0 9 9] Z nOSItt I TOilBlCtt^ 

0 1CD7^^^;^7C«1. 1 OT&oifc. ^©<hi*© 
ffl£Mlg©¥^«:2 2° T&^/to 

[oioo] se^, sto^jii o liznnmm&m. 

[oioi] [JiffitJij i 6] anwEB i o i ©fgj&ic 

*JHT, I TOJ&BI^K&A*^?: 1 kW/cm 2 *b 



5kW/cm 2 f C^fc 3 S , 4&0&ftt££ffi09 1 

[0102] m.^mtsm^m\z^T. mmmmmi o 

[0103] -t©±fcjfc«*«£LT«&ttafiinJRK:«fc 
5%:. m&8 5%cD^yvii^m.^fT^fztz\^. 

«. 2 0 NrM-CS^fiaJH 1 0 1 tjfc*«a®|ffltctt3&« 

[0104] Lnmm 1 7] 1 o 1 ©jgj&K: 

*5WT, fiH^+fCK r/A r^MO. 5 seem 
^6 5 s c cm»cSefl:Sltfc!&*S, ■te©^fr«*SS^J 1 

ft. BtrfAiM^ll. 41cifi^^T^ofc. ^©i^ 
©WfcftK©^* m\^TzizZ\^> 3 2 0 
[0 10 5] yt&m$iL. 5 5 0 nm©7t©^W*^ffl 

^■mx'Km^xnz^mmnmmmzm^>x< «>#©»# 

'pts.fr^>tz. ^(Dtzsb. ^+»lc¥*^Blc©JR^ 

[0106] [jystsj i 8 ] £9§*sjb i o i <nmmz 

i5t>T. H 2 S©&ffi£\ 1 s c cmtCbfeW^ttHiS 

mi s t.nmzxmnMm=?-*:ftm\siz. biitemi 

mZft<<K I TO©MMIWfflW77i'5'MS: 
WTS^t^^fc. 77^^Mtc(J1. 0 5T& 
0. i&Mtetels£>t>frX$>-ofz. W^^LX>iz-OX>ii'D(D 
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£|3f©spi£)tt 2 8 ° 

[0 10 7] JMKff&Ottfca. 75*->3>^L 
fc. -^©^. Jt^Jl i:«ht>(r, fi«8 5*0, mm8 5 

[0 10 8] 

sic. coaw*«T?tt»att3W«<flijaiiiT?*ofc. 

2 ~ 4 TSiStlSffil 1 7 7 ^ J: 5 

r<ti1tmm&*&j£*Z>Z.t.1fi-C&tZ. »#Jgl 1 
Ttt. SiSfiW©7S*->'3>lC»l/TO > 

[01B«)fSW«clft^] 

[El 1 ] #56W®ttiB«rt*^ ©-M£*T»rfflBT* 

[0 2] Jlifi«flJTfflV^DCTy^hP>X/1y5"J > 
^8S©«g0T&3o 

[03] Idfi^TffllrifcT-fi'Oift^XTCVDSB 
©$EBS0T$>-5„ 

[04] jtKM i oaw«a©«iijiM«**-rHT* 
[0 5 ] jtigfti i omwnMommmvt&te? mm r t 

7>*i|Lfc0T£&,, 
[0 6] tfcttW 1 ©iS9!*ffi© r <hN (r) ©IW^£^ 

•r^77T*5. 

[0 7 ] \mm i ©*iwff©sit$j^t^77 



[0 8] 77??)U'A7L£.&&®&<DM%&KkTy : 77 

i o i mmmmm 

1 0 2 3l3©pB 

10 3 «3®il 

1 0 4 Ig3©n/i 

105 ^2(Dpf 

10 6 fg2© i M 

107 I2C9ni 

108 ^lOpf 

109 mimm 

1 1 0 ^lOnl 

1 1 1 mmmmm 

1 1 2 &®J1 

1 1 3 »S 

2 o i tmm. 

2 0 2 
2 0 3 

2 04 MMt-? 

2 0 5 r f77f>y#77X 

2 0 6 r f MM 

2 0 7~2 0 9 ^-t*7 h 

2 1 0~2 1 2 DCfl 

213-215 ->r^^ — 

2 1 6 

2 17, 2 2 1 jSxmA5"(> 

2 1 8 *;p^->t7h 

2 1 9 7 , 7X'V$f| 

2 2 0, 2 2 2 #A#X 

3 o i mmm 

3 0 2 

3 0 3 *ns*t— ^ 

3 0 4 W7 5-1 /VIZ? 

3 0 5 V-f £ D?£*j£<g 

3 0 6 

3 0 7 

3 0 8 A-f 

3 0 9 r f MM 

3 1 0 75XV£W 

3 1 1 s s*v9— 

3 1 2 f£§3#;*. 

3 1 3 ffim.J3X 
3 1 4 

3 i 5 jixmxn 

316 77X7-f> 
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[01] 



[02] 




309 



[me] 



[0 5] 



B 8 S w^ yjii 




1.0E-01 t 



1.0B-02 



T~lTTm|~ 

1.0E+OO t.0E+O1 1XE+02 1.0E+O3 1.QE+04 1.0E+O5 
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